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OBJECT

The object of this work is the inves-
tigation of magnesium ancde behaviors
which affect primary cell application.
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I. PURPOSE

The purpose of this research ;ﬁd development contract is the
study of the electrochemistry inveolved in the use of magnhesium as
an anode 1n primary battery systems. The studles are a continua-
tion of investigations initlated under Signal Corps Contract No.
DA%6-039-5C-88912.

~1-



IXI. ABSTRACT

The spontaneous corrosion of magnesium was enhahéed by impressed
anodic current. The protective film breakdown assoclated wlth the
anodic current was found to be a rather slow process. The apparent
activity of magnesium was sharply reduced by the addition of twenty
five atomic percent of cadmium. Anodes of this binary alloy operated
at an efficiency of 100% but at a potential of only -0.8 volts versus
the saturated calomel electrode. Anodic transient potential data
corresponded in general to an electrode under protective film control.
All attempts to minimize or eliminate the spontaneous corrosion
reaction with Mg(Ac )z electrolytes failed. The performance of dry
cells was poor when salts of aromatic acids were employed for the
electrolyte.
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IV. DATA AND DISCUSSION

A. Anode Efficiency Behavior
1. Ha Evolution Studies
Anode efficiencles are normally determined utilizing the
mmeasured applied currents, the anode Jelght losses, and Fzraday's
law. The efflclencies with continuously applied current consistentiy

shiow that the apparent wasteful corrosion rate increases with the
current. One explanation(l) for this behavior is that the spontane-
ous corrosion reaction 1s the direct reduction of water at anodic
sites whose number increases with current due to increasing protec-
tive film damage. Wwith thls view 1t follows that the higher corro-
3lon rate should persist after removal ol the applied current untll
the protective {ilm repairs itselr.

The avbovce view was jeopardized by intermittent discharge
ciacue erricleacies measured in MgClp and Mg(Cl04)2 electrolytes,
Report No. 2. These data indicated that the open circuit spontane-
ous corrosion was not increased and perhaps even decreased unless
tre discharge periocd exceeded ten minutes. To calculate the inter-
alttent discnarge cpen clrcull ccerrosion ratves, the contribution of
e eclesed circuit portion of the discharge had to be subtracted
I'ren the total welgnt loss. This closed circult contribution was
based on ancde efflciencies or weignt Losses measured {or one hour
or more of continuous dlscharge. This assumes that the film breax-
daown with applied current was a rapld process. This assumption was
censistent with the effect of continuous discharge time on efficiency,
Report 2, and anodic transient polarization behavior. 1 However,
the assumption had to be in error i the concept of film damage
being the cause of the increased corrosion with applied current was
valid. That the film breakdown process 1s relatively slow instead
of rapid with MgCl: electrolyte was demonstrated by the below

investigations.
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Measurements of anodic hydrogen evolution rates were carried
ocut to better resolve the corrosion behavior during the initial por-
tion of a discharge and the period immedlately after removal of the
applied current. The evolution rates are a direct measurement of
the corrosion rates since hydrogen i1s the end product of the wasteful
reaction. The anode was discharged intermittently and the hydrogen
evolved was measured at five minute intervals durlng both the open
2ircuit and closed circult portions of the discharge. The usual
duration of the on wund off periods was twenty minutes but with most
runs a forty minute discharge period was included to establish the
steady state closed circult dissolution rate. The hydrogen was col-
lected in a measuring burette over water. An antifoam agent was added
to facilitate bubble breakage. Correction of the volumes to standard
conditions did not include the effect of the antifoam agent on the
vapor pressure of water.

Tables I through VI show the ccmplete data obtained with
AZ21X1 anodes, 2 N MgClz electrolyte, and varying currents. Examina-
tion of these tables and visual observatlon of the rate of bubble
formation indicated

(a) The anode probably never reached a true steady state in time
perlods employed. However, the average data were rcasonably reproduci-
ble after completion of the initial discharge cycle.

(b) The spontaneous corrosion rate of the anode is appreclatly
lower during the initial portion of discharge and.tends to pass
through a slight maximum prior to approaching a steady state value.
This latter is consistent with the observation that the anocde effi-
clency increases marginally with increasing discharge time, Reports
1 and 2.

(c) The anode weight loss equivalent to the total hydrecgen col-
lected was equal to the measured welght loss within the experimental

error.
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The open circuit evolution rate for the initial five minutes
was appreclably greater after the first discharge than with subsequent
discharges; tables I, II, III. This is probably related to the fol-
lowing observed open circult corrosion behavior. Filgure I is a plot
of the open clrcult hydrogen evolution rate versus time in the elec-
trolyte with no history of applied current. The sharp maximum in the
corrosion rate must indicate that the alr formed protective film ind
the solution formed protective film are markedly different. 17he
initlal sharp increase in the evolution rate with exposure time to
the electrolyte reflects the instabllity and breakdown of the air
formed film. The slower decline in the rate after the maximum results
from formation of a stable film. Unfortunately, potentials were not
measured while obtaining the data for Figure 1I.

The average evolution rates for the last five minutes of the
discharge cycle and first five minutes of open circuit are summarized
in Table VII. The indicated increase in the initial open circuit
corrosion rates with increasing applied currents support the conten-
tion that protective f1lm damage is assoclated with anodic current
flow,

The last column of Table VII is a measure of the "Difference
Effect."(z) It was obtained by subtraction of the closed circuit
rate from the open circuit rate and adjusting to one ampere minute
of current passage. Magnesium differs fron many metals in that the
sign of the "Difference Effect" 1is usually negative. The reported
exceptions(e) have been in #cld electrolytes where the open circuilt
corrosion is extremely high.and apparently 1s controlled by the dif-
fusion rate of the acid. While negative valres were obtalned with
the magnesium chloride electrolytes, Table VII, close examination
indicates that positive values might be measured with lower current
densities or with shorter discharge periods. A positive "Difference
Effect" has been obtained with magnesium acetate electrolyte. The
data for the magnesium acetate electrolyte are incomplete ani will

e reported in the next quarterly report,
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In addition to completing the investigation with the magnesium
acetate electrolyte it 1s planned for the next quarter:

(a) To investigate the behavior associated with magnesium
perchlorate electrolyte: and

(v) Attempt to demonstrate a poaitive "Difference Effect" with
magnesium chloride electrolyte.

2. Alloy Screening

The inherent activity of magnesium 1s little affected by

ncrmal alloying additions. Thls activity could be affected by an
alloying agent capable of forming a high solid solution alloy. The
possibility of altering the anode properties by decreasing the

inherent activity was explored with magnesium-lead and magnesium-
cadmium binary alloys.

The results of a survey of efficlency and potentlal behaviors
cf these alloys in magnesium bromide electrolyte are shown in Table
VvIi1I. To calculate the er'ficlency the equivalent welight was adjusted
i'or the atomic percent of the alloying ageant assuming divalent ion
iformation. The apparent 100 percent efficliency with the high
cadmium alloy was con 'iraed by che lack of visiole gas evolution.
nowever, the minus 0.5 voli uperating potential of this alloy 1s
essentlally that ol cadmium rather than magnesium.

Jome additlicnal exploratory work was carried out with the
lead alloy and sulfuric acld electrolyte. With acld concentrations
greater than 80 percent the alloy was passive and stable, but with
decreasing concentrations below 80 percent, the corrosion rate
activated sharply and the potentlal slowly. It is planned to survey
the behavior of this alloy in a sulfate electrolyte.

B. Potential Behavior
1. Transient Fotential Changes

(a) Background-Purpose
Magneslum differs from most metals 1in that 1lts steady
state anocdic operating potential 1is usually little affected by
relatively large changes in the current. However, marked transient

-T-
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potential changes do accompany changes in the current. The magni-
tude and time duration of the transient voltage change can be
significant in the operation of a magnesium primary cell where it
is recognized as '"Delayed Action".

The potential time plot of Figure 2 1s a generallized picture
of the transient. It has been studied with bromide electrolytes(l
and tentatively explained in terms of protective film breakdown and
repair processes. The basic assumption of the explanation is that
under normal conditions only a fraction of the magnesium surface 1s
serving as active anode area while the rest of the surface is
shielded by the protective magnesium hydroxide film. With an increase
in the anodic current the current density of the active area is
increased and the potential moves, as expected, in the passive
direction, Figure 2. However, the Mg ions produced by the current
raplidly deplete the hydroxide lons at the surface and then pair
with the anions of the bulk electrolyte forming soluble magnesium
salts. The soluble salts increase the acidity at the interface and
the Mg(OH)z protective film 1s attacked to create additional active
sites. With this increase in the active area the effective current
density decreases and the potential activates or recovers until the
balance between the breakdown and repalr processes are re-established.
Witnh the removal of the anodic current the potential activates in
the normal fashion, but because of the corresponding decrease rate
in the soluble salt formation the protective film can repair itself
until the initial steady state 1s agaln established.

The obJect of the work here 1s to obtain sufficient data
with various types of electrolytes and anode compositions to modify
or extend the above explanation.

(b) Procedure

The electrolytic cell referred to in Report No I with
rectangular 6.8 square centimeters AZ21X1 anodes was employed. The
transient curve of Figure 2 was measured with a Sanborn, Model 127,

Recorder which has a response time of 0.01 second at a chart speed
-8-



of 25 millimeters per second. Power sources of U8 to 600 volts in
conjunction with large "Swamping" resistors were employed for con-
stant current sources. In additlon to applying anodic current to
anodes on open c¢circult, the current of operating anodes was increased
or decreased and the transient measured. 1In all cases the applied
current refers to the increase or decrease in the anodic current.
The corrosion current refers to the apparent total anodic current
flow, as inferred from welght loss measurements, in the absence of
the specified applied current. The potentials were corrected for
the IR loss on the basis of the electrolyte's resistivity, Report
No I, and a controlled bridge tip to anode spacing of 0.19 centi-
meters.
Referring to Figure 2 the data tabulated from the transient

curves for varying appllied and corrosion currents were:

(1) Potential prior to application of anodic current, Point A or B.
(2) The most noble potential observed, Point C.

(3) The difference in potential between Point B and C, AEp.

(4) The apparent steady state potential with the applied current,
Point D.

(5) The difference in the potential between Points B and D, steady
state polarization.

(o) The most active potential after removal of the applied current,
Point E.

(7) The difference 1n potential between Points D and E, AEA.

(8) The time interval between points B and C.

(9) The time to 80 percent recovery of the potential from C to D.
(10),™e total time to reach an apparent new steady state, e.g., the
the interval between Points B and D. The citerion for steady state
was no significant potential change for a minimum of ten minutes.
(11) The time interval between points D and E.

-9-



(¢) Results

Six normal Mg(Ac)z and AZ21X1l anodes were used in the establish-
ment of a standard exposure time of the anode to the enviromment
prior to the transient measurement. Open circult corrosion rates
by welght loss measurement showed that a steady state was not
reached during one week exposure, Figure 3. However, there was no
significant change in the translent data with open circult exposure
times from 1 to 24 hours, Tables IXA. There was a marked increase
in the apparent steady state polarization and a decrease in the
transient times when the exposure exceeded 24 hours, Tables IXA
and B. The corrosion currents listed in Table IX were extrapolated
values from Flgure 3. For some tests it was desired to impress a
constant anodlic current in order to simulate a corrosion rate higher
than available with open circult conditions. For such tests,

a one hour exposure time to the s8ix normal electrolyte and to the
artificial corrosion current was sufficient to obtain reproducible
transient data, Tables X and XI. One hour exposure of the anode to
the corrosive environment prior to the transient measurement was
adopted as a standard practice.

Translent data for AZ21X1l anodes with varying applied and
corrosion currents are tabulated in Tables XII through XVI for © N
Mg(Ac )2, XVII through XXI for 2 N Mg(Ac)z, and Tables XXII through
XXVI for 6 MgClz electrolytes. The listed corrosion currents were
determined by welght loss measurements and the portion whici was
artificlally applied is shown in the tables. A preliminary attempt
was made to establish relationships between the measured polarizations,
the transient times and the currents.

With the MgClz electrolyte there was no apparent steady state
or permanent polarizatlion assoclated with even the highest applied
current, Tables XXII through XXVI. There was an indication of such
steady state polarization with the Mg(Ac)z electrolytes. With the
6 N Mg(Ac)z electrolyte the apparent polarization was linear with

-10-
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current, Flgure 4. This suggests that the polarization could be
Just ohmic and that for this electrolyte a resistance of 3.8 ohms
rather than the assumed 2,0 ohms should have been used in the IR
correction.

While with © N Mg(Ac)z the apparent steady state polarization
could be reflecting an error in the IR potential loss correction,
this does not appear to be the case with the two normal concentra-
tions. With this latter electrolyte the polarization as measured
was definitely not directly related to applied current, Figure 5, but
rather an apparent exponential relationship was found, Figure 6.
The slope of approximately 0.1l volt for this latter curve would be
of the right magnitude for a polarization behavior other than ohmic.

In respect to the translent polarizations the general behavior
was common to all three electrolytes. The transient potential
changes observed upon application or removal of a given current,
AEp and AEA respectively, 1ncreased with increasing applied current
until a region of maximum values was reached. The applied current
regquired to reach the region of maximum transient potential change
was dependent upon the corrosion current. For a given electrolyte
the data could best be related by plotting the magnitude of the
polarizations as a functlon the ratio of sum of applied and corrosion
currents divided by the corrosion current. This was done for the
AEp for figures 7,8, and 9 for the 6 N Mg(Ac)a, the 2 N Mg(Ac)2
and the & N MgClz electrolytes respectively. With the acetates
electrolytes the curve appears to go through 1.0 as the function
dictates and with increasing ratios the magnitude of the polariza-
tion increases until a plateau region is reached, Figures 7 and 8.
This type of behavior 1s consistent with the proposed general
explanation(l) of the transient behavior. It should be noted that
the 2 N Mg(Ac)2 data, Table XVII was ignored. The AE values
appeared to be out of line. It is belleved that this was due to
the one hour exposure time with thls specific electrolyte being
to0 short to establish the stable protective film as discussed

previously for the 2 N MgClz electrolyte.
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The scatter with the chloride data was appreciably less and the
curve had some distinctive features, Figure 9. The fact that the
curve does not extrapolate back to 1.0 could be indicating that
there is some reinforcement of the protective film upon initial
application of the current. This could and should occur until the
hydroxyl lons avallable at the interface are consumed. The pre-
cipitated Mg(OH)2 reduces the active areas thereby enhancing the
polarization. There is no explanatlion to date for the magnitudé of
the pclarization passing through a maximum with the increasing ratio
of the currents.

Inspection of the Tables XII through XVI shows thatd EA appears
to reach a finite limlt at a somewhat lower applied current than
that for a similar limit in AEp. The maximum amount of activation
OAEA) was independent of electrolyte concentrations, Tables XVI
through XXI whereas the maximum passivation QsEp) was highly depgn-
dent upon the electrolyte concentration, Figures 7 and 8.

Attempts were made to relate the times needed to complete the
various portions of the transient with the magnitude of the potential
changes and the currents. »Inspection showed that this could not be
done with the chloride electrolyte, Tables XXII through XXVI. With
the acetate electrolyte and a given corrosion current the times to
AEp and 80% recovery did decrease in a rather orderly fashion with
increasing applied current. The best single relationship of time
with the currents was found for 80% recovery time and is shown in
figures 10 and 11. There 1s no explanation at present for the
relationship indicated by the figures. Further, the scatter with
the two normal electrolytes, Figure 11, makes thls specific relation-
ship doubtful. It 1s believed that some relationship between the
times and currents should éxist.' The times should be dependent upon
the environments at the interface and these environments should be
dependent upon the currents.

-12-



At this stage no firm conclusion as to the mechanism of the
transient behavior can be made. In the next quarter it is planned
vo include perchlorate electrolytes, additional chloride and acetate
concentrations, and at least one other alloy in the measurements.

’2. Steady State Polarization

Potentlostatic measurements, as outlined in Reports 1 and
2, were employed for the subsequent polarization curves. It was
noted, Report No 2, that the wasteful corrosion reactlon could be
eliminated with MgClz and Mg(Cl0O4 )2 electrolytes if the anode
potential was increased (passive direction) to a sufficiently high

value. However, the actual plot of the corrosion current versus

the potential was jeopardized by lack of temperature control of the
bulk electrolyte. To minimize the temperature fluctuation a polari-
zation curve was determined for MgClz at an ambient 32°F. The com-
plete data are shown 1n Table XXVII and the corrosion current versus
potential plot by Figure 12. The temperature control was reasonably
good, Table XXVII. The corrosion reaction ceased, as indicated by
the approximately 100% anode efficlency and by lack of vislble gas
evolution, at a potential somewhat greater than -0.75 volts versus
saturated calomel. The indicated corrosion currents at potentials
more positive than this, Figure 12, represents weight losses incurred
during the time needed to establish the steady state. The relation-
ship of the measured potential to the true surface potential 1s still
unknown since no oxygen evolution was observed even at potentials
approaching + 5.0 volts.

There was an indication that the behavior observed wlth the
chloride electrolyte could be duplicated with Mg(Ac)z electrolytes
of lower concentration, Report No 2.‘ To check this, polarization
curves were measured for 2 N Mg(Ac)g: The data are shown in Table
XXVIII and the polarization curves for the applied and corrosion
currents are shown by Figures 13 and 14 respectively. The nose in
the polarization curve for the corrosion current, Figure 14 was no
more pronounced than that previously observed with a four normal

-13-
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electrolyte, Report No 2. However, the temperature went out of
control in most of the individual tests, Table XXVIII.

During the next quarter 1t 1s planned to investigate the
behavior of both acetate and perchlorate at low temperature. This
should minimize the temperature control problem experienced with
thegse electrolytes.

C. Dry Cell Data

The purpose of these cells was to evaluate salts of aromatic
aclds as electrolytes. In wet cell screenling efficiencies in excess
of 95% were obtained with such electrolytes(z). However, these high
efficlencles were not translated to the dry cell system, Table XXIX.
The steel jacketed cell construction, cathode formulation, and test
procedure were described in Report No 1. There are no plans for

additional work in dry cells.
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V. CONCLUSIONS

The spontanecus corrosion of magnesium is enhanced by impressed
anodic current.

The protective film breakdown assoclated with increased anodic
current is a relatively slow process instead of the previously
assumed rapld process. Thus, nearly instantaneous measurement of
parameters are needed to resolve anodic behavior with changing con-
ditions such as intermittent discharge.

A positive as well as a negative "difference effect" can be
measured for magnesium in enviromments in which the anode is stable.

The apparent activity of magnesium can be greatly reduced by
high alloy additions. The reduction in activity mainly reflects
nedification of the protection film.

The processes which dominate anodic behavior are different
with acetate type electrolytes than with chloride type electrolytes.

The usefulness, if any, of electrolytes formulated from salts
of aromatic acids is highly limited in dry cells.

-15-



VI. TENTATIVE PROGRAM, FOURTH QUARTER

The main emphasis will be investigation of anodic translent
behavior including perchlorate electrolytes and different alloys.

The difference effect with acetate and perchlorate electrolytes
and with intermittent discharge will be investigated employing
hydrogen evolution measurements.

The anodic behavior of magnesium-high lead binary alloy in
different environments will be explored.

Additional low temperature anodic polarization curves will be
determined.

-16-




VII. REFERENCES

l. J. Robinson and P. King, J. Electrochemical Society, 108, 36, 1961
2. A. Thiel and J. Eckell, Z. Electrochemical, 33, 370 (1927)

-17-




% O°'G8 -SILNNIN G 1SHIJ
% 0°'8S 3LVIS AQV3LS
% €09 3IOVHU3IAV — 1INdJHID a3s01d
% 0Lt T17IVH3AO0

I UJW ,.,mr

:CH WO¥d S31O9N3151443 3IQONV
£6S0°0 INIIVAINDI °H - 8200°0 GIYNSVIN :SWVHO SSO1 LHSIIM 3IAONV
JW0 89 V3NV 3QONV — HILINOINOD WOH4 £02 : VW LININN¥ND A3iTddV

1

11N0¥19 N3dO

WW29bZ 8 9,9€2 LV Q310371109 °H S,99

11nOdI1D 4A3sS01O

6" | 6V | 85 | 8S 19°] 09" | ¥ | €1 300NV
VA 12 (VAN BN PA 1 VA W 127 | LN33ND 3NddY
9¢€0 | €0 | 9¢0 | SSO ozZl|oz2l|e21|ezi|egl}igl |€I'l | ¥80O Q3UNSV3IN
S3lvd JLONINGS
081} €91 (08°1 | SL'¢ 02°1|021]|621|62°1{29°9]|] €59 |€9'S |Ie¥ diS~S$,90
oot l12z]eijrzizgeijoci|bvr|evr|cr| gl 22| 92| 29| 6P |a3LoaT00VIOL
02 | €0 | €0 | €0 | ¥O | O¢ vi] et ]21] 60 S
o2|lvojeo|bvo|9O job | v |t} SH ]G] EL] €1 1"t} Ol L 4
o2 |eojeo|eo} SO | o2 e} el "1} Ol €
oz |vo| o} bvOo| LO | O¢ 91| S} vl } el '
o2 |20)]| 90| 20} Ol 02 0¢j ec|61}80 |
JI0AN
INiL 02 Sl ol S |3WI1L Ob ée¢ O¢ ge 02 Sl ol S SAINNIN
avioL S| ol S 0O [wviolL S¢ o S¢ o< Sl 0l S 0 IVAN3LINI 3NLL

4,02 — "19313 2196W N2 — S3QONV IXIZZV - zNI/VN 02
J9YVHOSIA IN3LLINY3LNI-S31ANLS NOILNTOA3 2H




I 378vl
% 99 S3ILNNIN S LSild
% SS 31VlS AQv3ls
% L°LS - 39VHIAV - LINJ¥HID 4Q3s019
% 2°0S — 1IVY3A0 : 2H WOM3 S3IIONIIDII43 IQONV
120" AIN3TVAIDI 2H - GE20°0 Q3IUNSVIAN : SWVHO SSOT LHOIIM 3IAONVY
N0 89 V3YV 3CQONV - H3IL3IWO0IN0D WOH4 L'6€ :VIN LNIHNND Q31Nddy

gl'ljor'rjsrjigi’l| 86 | si’1}|60’1| el 300NV .
8e'l | 8¢ (8Ll |8ElI|8E1]| 82) |8E'] |8E || LNIRND AANAIY
Seg | 6€° | 2V | O 962 | 8V2 962 962|922 £G¢c |Lb 2ol Q3UNSV3IN
. . S3LVY JLNNIN S
L'} | 6] 2V |8b <2 9G'¢ |8b'¢c 962 |9G'¢| 21l 9%¢t | Pel] GOl dlS-$S,90

001 j0¢c |¢¢ e |8C | 0OCl| 62| |8B8Cc |62 | 62| I'Elletl|[OVYlI]611@ALOITIOCO WIOL

02 |v0|+O |¥O| O | O2 L'2| 22 }|s2|¢ee S

02| €0 |PO|SO|90 | O | 62 BC|6C|6C|BC|BC|LZ]| ¢ 14

oz2leoj|eo |vOo|voOo | O2 22| L2 92| 2 €

o2|eo|¥0 |bO| 90| O2 171 22 zr2] 22 2

0¢ |90 |40 L0 80| O¢ e | e |GEE| 6¢ I

371042
JNIL} 02| SI1 | Ol | G [3NIL| Ob | Ge | OE | G2 | 02| S1JOl | S SAINNIN
TvioL Ssi Ol S O [wWioL S€ OE g2 ©O02 SI Ol s 0 Lavauainianu
11nO¥Id N3do 11n0Y10 @3S019

WWS2GL 8 29,2 1LV 4319317177109 %H S,99

4,02 — 193713 %196W N2 — S3IAONV IXI22V — ,NI/VN Ob
FOUVHISIA LNILLINYILNI — $31ANLS NOILNTOA3 *H




% O0'L9 S3ILANIN S LSdid

% S°8S 31viS AQv3lS
% ¥'8S 3IOVHIAV - LINJHID Q3SO1D

sNO 89 YINY 3IOONV - H3L3INOINOD WOMN4 866

o 378v.

% 8°SS  TIVH3A0

: 24 Wod3 S3IIONIIDIZ43 3IAONY
1291°0 IN3TVAIND3 2H — L€91°0 G3YNSVYIW : SWYHO SSO1 1H9I3M 3AONY

VA 1N3¥¥0D a31ddv

1100¥I0 N3dO

1iAddI0 a3s01O

WWS8'212 GNV 9,9°G2 1V Q31937109 °H §,99
4,0L — "19313 106N N2 — SIAONV I1X12ZV - ,NI/ VN 0Ol

394VHISIA LN3LL1INY3ILNI — S31ANLS NOILNTOAI 3H

8vclBbc|6E¢C |8Vc|Ive|ige|SSe|2L) 3QONV
Bv'c|8beg|8VE |BbVE | BPE |BP E|B8PE |8V E | INIHNND AINDIV
8b" | Sb | SS | 1L 96'G|96G| L89G |96G]68G|6LS|c09|02S Q34NSV3IN
S31VY 3LNNIN S
eveSec 9oL ) vse 96'G | 96'G | L8'G |96'S |S¥62[£6'82|¥1'0L|00'92 d1S -~ §,90
OOl182]19¢|2¢ | 1I'b|021|69]|69|69]|69|Ibe|see|6be| 1'0¢|aILH3ITI0D IVIOL
02 |60 S0} 90; 60| 02 99 1G9 €9]| 19 S
02 |S0|S0O |90 |80 | OV |[69|69|89]|69]1L|]02]|69]|¢co v
02 |90|bP0O0|LO} LO O¢ G911 S9|62]| 8S £
02 |90} S0 20} 90| 02 8969 |69} 29 e
0¢g |90} 20|90 1l 0¢ 1'41 02 (4L} LS 1
37I0AD
INLL] O¢ Sl ol S |3WIL] O¢ se | o€ G2 o2 S ol mlﬁ|l. S3INNIN
avior S o1 S 0O |Twiol s€ oe 62 02 Sl ol S O “VAY3ANI 3NLL




LT 3718vi
%049 S3ILIANIN S 1SHId
% 0°09 31viS AQv3ls
% l19 39VH3AV - 1INJHID 43S0
% 2'8G - 1IVH3IA0 :%H WOH4 S3I1ON3I1D1443 3IAONV
9¥0€0 LNITVAIND3 2H - OL0L'0 QIYNSVIW : SWVHY SSOT LHOIIM 3IAONV
aWO 89 V3yV 3CQONV — ¥3L3IWO0TINOD WOHd 2°L61 VW INIWHND a3 iINddvV

Sty |82b |82 |SbP|2ob | SLb|beh |LEE 3AONV
189 | 289|289 | 289|289 | L8989 | 28°9 [LNIUHND Q3NddV
96" | ¥S° | ¥9° | V6’ eS| srij2enn|epr o9t iriveol a3¥NSviN
S31ivY JINNIN S
6L210L2|22¢€|0L P 2ENI|SII| SIT11]2€° 11| b 16|662G{9G6'GG|02°16 d1S - §,90
Q01| 2'¢ I'e | L€ 'S o2l|o¢1 | 821|821 |0OECI {099]| 999 | 8€9 | 88503103 TI0D TviOL
02| 90| 90|90} Ol 0¢ 621 | I'el| gel| vl S
o2|90}{20|80]) 2 O {O€lI | 821|821 |0¢CI|lel]eel|Gs€el]| edl 1 4
02| 90| .0|80 ]| tv'I (0F] gerjo¢ctjrerpi-el €
02} 20| S0}|120]| 01 02 I'el| verjeet]eel 4
oz | 40| 90|80} 80 0¢e L'grysel|lo0l] 86 i
FJVA
3WiLl O¢ S ol S NIl Ob el oegl se | O¢ S1 ol S A.—”ll S3INNIN
aviol  S! ol S O |WiI0L G€ o¢ G2 o2 Sl ol S 0 AVAN3LNI INIL}
1iINO¥IOD N3d4O 1INOHID @3so19

NNO'2blZ ONV 9,9°€3 LV 031937109 °H S99
4,02 — "19373 %I196W N2 — S3AONV IXIZZV — ;NI /VIN 002

J9YVHISIA LNILLINYELNI - $310n1S NOILATOA3 3H




% L' P9 SILNNIN S LSHId

% 0L9 31VLIS AQVILS
% 'S99 3I9VH3AV - 1iNDJ¥ID A3SO1D
% 1'€9 TIVH3AO0 :2H WO¥d S3IAIONIIDI443 IAONVY
8090 LNITVAIND3 3H — 869H'0 AIUNSYIN SWVHO SSOT LHOIIM 3AONV
aN0 89 VIHV 3IAQONV — Y3L3IWOTINOD WONH4 9v8E VAN ILINIHMND dIilddV

P9 102 8L | €L 300NV
vEl| v'el | vl | pel |ANIHNIND aanddy
96" | 19° | OL | 2¢ 861 voe|2ie| L0 a3uNSVIN
S31vVY 31NN S
8L¢ |vOog|B8bE | 19D 066 | 1'201 |6'GOl| P'€Ol d1$-S,90
00l 2€ |Sse [0V | €6 | 00I : 6Ell|9211[6°12110°611{A3LOITIO0 WiOL
02 |90 |90 80] O} o2 bge| 2ee | 9v2 | eee S
02 |90 | 80| L0)| 60| 02 922 | 8¢d |2¥2 | 6'¢Ce 14
02|40 |90|80)| 01| 02 8¢cj Lge |SPe | 8€Ee €
02 jL0|20}|60}| 01| O2 I'eg| 9'e2 | b'v2 | G'ee 2
02 |90|80 |80 VI 0¢ ogejeeec |ebe|Ste l
3IDAD
3NIL] 02} SI1}| Ol S J3NIL| Ob | Gt o¢ T4 02 si| Ol S ﬁ S3LNNIN
Wwial S| ol S 0O |Tvi0l S€ o¢ S¢ o2 Gl ol S O TVAN3ELNI 3NLL
11NOYIO N3dO 11n9yd1d A3so10

WNHObL 8 9,6°€2 LV @3103171102 %H §,99

4,02 — 2196W N2 — SIAONV IX13ZV — ,NI/VIN OOV
Mem<:om_o AN3ILLINY3LNI — S3IANLS NOILNTOAI BH




IxX 319vi

% 99 1iINdd!1D g3sod

% 9 T1IVHIAO (24 WOHH S3I1INIIDI443 IQONV
L6S° °H Q3LYWILSI — 909" d34NSY3IN (SWVNH9 SSOT 1H9I3M 3IAONV

N0 89 V3NV 300NV — ¥ILINOINOD WOMNH 2 269 :VW IN3HYND G31ddV

WW €62 ANV 9,42 1V d31931109 %H S,99

0211 300NV
egee INFHRIND G3NddY
peloy I VAR VA 80°) 6S'¢e IOVHIAY
S31VH JLINNING
122 |v8e|eoe| e b dis -S,99
o8 |s2]|1e)lce|eb 08 | 9'2G1| 9°2¢ {33193 71109 VI0L
02 |90} 90| 60| €1 032 ‘ 4
02 9°0 80 80 €1 02 | 692 €
02({90(80|0}V]| I} 02 | L'SL 4
ogj20]|60|80]| 2 oz 9L¢ \
371949
'3NIL] Oc | S1| O1 ] © INIL| o1 | S Lullkm.n.l._bdq:ll
WwiaL S o1 s o viar O 0 LAavAMaLNI 3WNIL
11N0dI0 N3dO 11n0¥10 g3so1o

4,02 — 19313 106N N2 — S3IAONV 1X12ZV — NI S0'1 /YN 069
JOUVHOSIA LINILLINYMILNI - S31ANLS NOILNTOAI 3H




A 318Vl

. 193443 30N3Y3441Q, (2)
11n0d10 N340 NO S3LNNIN G 1S¥ld
11No¥19 a3s019 NO S3LNNIN S 1sv (1)

91- 211 80" 1 2v9
G1- ov'9 26°0 cee
L1- 29t 60 261
Z1- b2 12°0 o001
21- 86°0 05°0 ot
¢ - 19°0 S50 02
JLANIW/SINIINY  LINOHIO QISOT0 LINONID N3dO L YA L
\m.wo - saloNImG /w0 89 / 24 S99 1N3HENO
2106 Ne

S3IAONY I1XI122V-394VHOSIA LNILLINYILNI
S31VY NOILNTOA3 N390HAAH OIQONV




I 316vd

JLATOH129313 2gbn N2 (2)
SILNNIN G991 HOd4 ,NIG2/VWN 9¢2 LIN3INNAD a3ilddv (1)

£0! 8.0 8,0~ 80~ ¢9’1 — £'¢esd S'G¢e S 19 PO
I £ ov'1—-| 09'1- 110 89°I - 1°Gl G8'9 £'6e PO
€S G99l — 1> VAN B 172 €81~ 9°Gl Sl'¢ 162 qad
443 d3sSo10 | 3sO10 | N3dO N3dO 1HOIIM
3dONV | TTVNIdg)! WILINI | UNI4 TIVILINI | LIN3TVAIND3 | 9INOLVY | LHOIIM | LN3IOY
%o TINOTVO J31vHNLVS sAa SLITOA % % A0V

SIVILN310d ¢z

SAOTIV ANVNIS BW NOILNTIOS AIT0S HOIH
SHOIAVH3E 1VILN3LOd — ADN3IDI443




7Y XTT 378vl
LINDYHID ONIMNSYIW dOHG HI HO4 G31238Y0D (2) 1X31L 33S NOILINId3a 3S1938d ¥O4 (1)

Fifyros e nzoig i irijorjsiioojit |£o1si1100 V3iv o1
29]169]2L]|0L]88|GL|S9{0L]|eL|6L]59]28|90l|E 20090004 0T+ VT 31viS AQv3iS Ol
eblevieellellibviebllie|Lv|ebieb|Bei{6ElbP|I'P{09]|69 AY3IA023Y 9% 08 Ol
cgirijelrferjeirjsrferierieryirfirierjverierfgrivrijelr d3v 01

SANOO3S — S3NIL

giJsiJer[sv[zr]siJoz]er[erfiefozee|ze[eeor[zar JAILOV - V3V
ge'led lee ji1gjbejee|se|bve|ee e lee|be|be|G2 9L |SE 3AISSYd -93V
gojirjsojor|irlerfor[soforfor|er|[zar{sr{zar|erioz (YI 01 3na) 31ViS AGVIIS
NOILV Z1¥4V10d (D
oL e e s ol fecifos v s ez s ifesfosfecife]- IATIOV —INIISNVEL 1
i R AL YA P LT AR A T AN A AL TR AR AL T AL O TR IR (o] FAISSVd — LN3ISNVYHL

(VI + Y1) 31vLS AQV3LS
(9I) 31vV1S AQV3aLlS
(2) S1I0A - 1VILN31O0d (1)

G 1LY 6P ILP 1|6F1SH OGS THBY IOt I |[OP 1|GP IOV 116V 1|ISP LY 1S
8G HBG LG LG HO91|LG1{OO1{9G 119G 1|9G1|2G1{B8G1|LG 1 |2G1[€911G9']

51 /31+ V1
lovejotele celoveie c2le e2le velovz|otele c2lovelovejoveieeejotejo e Q3SS3udNI - VI
gelscier|evisr|sbv|ev|erv|selse|oz|oz|ee|ee|s ]S NOISON¥HO0D - I

SAYIJWVITIN - SLNIFHND (1)

oifsfS v v[2]e2] 1] Jos]os|se]|se] SHNOH~ INIL
40D d317ddY ON - JWI1L 3HNSOd X3 318VINVA

0L 4 3¥Nivd3IdW3l “BVIBNNS 31AT0810313  Wo89-£6GG6-1XI2ZV A0V
S310NL1S LN3IISNVH1 OJIQONV




Qg F¥r 378VvVi
LiNOHID 9NINNSVIW dOHG 81 &C4 Q319348800 (2) 1X31 33S NOILINId3@ 3SI1038d ¥04 (1)
g |21]otler|s Joi[sofel Vv o1
celecliglst|ea|lvbioLlcs O1+VT 31viS AQv3lS OL
N ENERER R K AY3IA023Y %08 OL
9090 |20 |90 |80 |20]|80|80 d3v o1
SANOO3S — S3NIL
2ilor]vi|si|vr{orisi|er 3AILOV- V3V
92| L2 |92 |92 |82 |82 |Ge |9¢e JAISSVd — 93V
ge |ve le2lve]er|ze|sti |ve (I o1 3na) 31VLS AQVIIS
NOILY ZI¥VY0d (1
SYRICIN] 2R ) N YR ORI A IAILOV — INSISNVHL 1
06 |46 20101 1121GO1jL1'1|201 JAISSVd — LN3ISNVYL
alilpeileci|og ot iles tjet i]leg (VI + °1) 31viS AQV3lS
8G'1/18G1|091{091{6S1|091[091{2G'} (91) 31viS AQV3alS
(2) SITOA — IVILN3LO0d (1
ST /91+ V1
o¢2|Leel eelovele ceoteloveleee Q3SS3IHdNI - VI
2ilzifor]oifez|ez|ez|62 NOISONNO0D - T

SAHIdWVITIIN - SINIHUND (1

I I I

_

[ [soi[s9ifoziozi]z2]2.] 8v ] 8r| .

SHNOH - INIL

IN3NHND NOISOHYO0D Q3iNddV ON — JWiL JUNSOdX3

0L 4, JUNLVH3IdW3EL

31aVIdVA

)N N9 3LAT0HLO3TI ,W089-£G556-1XI2ZV AOTIV

S310N1S LIN3ISNVYl DJIGONV



X7 378vL

LINDHID ONIMASY3W dOHd oi dus (31038400 (25  1x31 33S NOILINIIQ 3S193¥d  ¥0d4 (1)
T g1]lzt|st|eo] 1]z _w_,ﬁmﬂwﬂa_._ HIER V3iv o1
29l29129lvgl29lSS|blig6]89]1'6]0L]|0L 97+VT 31vliS AQV3lS O1
vlocleslvelze|zeles|sc|ve|belselse A43A003Y %08 OL
co |90 js0'190{80140|80 80120180 |L0°}.L0 d3v Ol

SANO93S — S3NIL

v leg |2 |ve|og |12 |velee | —|oe|se|be JAILOV-Y3V
gg'leg |ve|2elog|ig|bejee|ve|ee e el 3AISSVd — 93V
o0 lor[i11rfor]|eo}{so |0 |80 | 50|90 20°1L0 (YI o1 3na) 31ViS AQV3IS

NOILV ZIYV0d (1

gzl 2oz e thhzoeie —les szl L} - 3JAILOV - INJISNVHL 1
~ ze i vileriigiizeijiziiezijizijeetpetierjoeiy- JAISSVd — LNIISNVHL
: vilovilsctleviigbiizrijeriict l{Lb l|Lb l{eb e ] - (VT + 91) 31viS AQV3ILS
: vSiogilertlies 1] pS OGS HES 1S 1|25 1|€S1{0S1]0G | - (91) 3.V1iS AQV3lS
{2) S1IIOA — 1VILN310d (N
cs2lvelbv2les]89[89]|29({89]|99|L9(89]|L9 oH\dH+ VI
1velvoelvreloec|piciiigjoiclsigl|oigipig]SIgle e Q3SS3IUANI - VT
pvslivslvslvelvS|bs]|bSlibGleS|SS|bS|Ss NOISONY0D - 9T
SIHIJWVITHIN-SLINIHYNO (D
T T T [ [zi[ez[sv]sv]ve[ve]ot|o]| v| ¥ for]o] 'SHH - 3WIL 3¥NSOdX3
VW O € ~ NOISONN0D Q31Nddv-31A708103713 3HL OL INIL JHNSOIX3 319VINdVA
oL mowmatqmmn_s_u._. Z5ov)bw N9 JLAT0H1LO3 13 2W0 8'9-€GGS6 - IXI2ZV AOTIV

S31AN1S 1N3ISNVHL OJIQONV




=T oIa8vs

£1N2813 ONIMNSYIW dOHG HI H0s A31038¥00 (2) 1X31 33S NOILINId3Q 3S103dd ¥HOod4 (1)

o el dols]ololssrlols]a]ole]oo0 v3v oL
crleclveleeligclevivelec|s8r| —joelLeiop|oz|ogl— |6t 91+ VI 31visS AQv3ls Ol
2elgelseieelozjeziceizz|ve|veiejLrz|rz|let]ce] —joz AH3A023H %08 OL
geigegjoejeeleejselvejobjogjLejoe|8e|se|ig|eelee]|see d3v o1

SANO0O3S — S3NIL

GO |90 |40} LO|SO |90 |H0O |90 140160 120190120 [207]60 01 |LO 3AILOV - Y3y
390 {90 190'120'|20|407}L0|907{80 |SO |11 |b0O" |90 |GO | L0 | GO | SO IAISSVYd - 93V
SO {LO | YO €0 {GO1G0'|GO|L0 |20 SO |10|L01L07]120{90°}1S0O |SO (YI o4 3na) 31VIS AQV3IS

NOILlVY ZI1¥VvV10d (1

-

JAILOV — LN3IISNVHL

¥

Tvieeiles zs]osfestlos ilzsissilzs ifes tjosostbs1|ssilss 1]ost
Vs tjocijoviles e iioviissilzeilzcipe s tosi]esilee o1 |pel JAISSVd — LNIISNVYL
S e N I T e T S e T S e (YI+ 71) 31vis AQValS
sviliviovost]isi|oviesi|ovigriijsr 1ovi|ebllcri|ibioviistiler]- (391) 3LvlS AQv3alS
(2) S1T0A - 1VILN310d (D

J

9'b2|GP2iG'62|0'92|9'G22'S2e|P92i0Ge|S Se|l G |9 be e be|GSe |l G2|e92|9'GeiE'Ge Q3SS3¥dwI - VI
0'0g[9'62|8'82|'62|£62|982(8 82|062|L62{L8c|862]1 I& 6 62/c 0g|962|80C|662 NOISO¥YHO0D - 91

SIYIJWVITHN-SLNIHYNO (1)

ve|ol|o1]s2]sZ] v | v ] 2] 2 JOl1Jo1Josfos[se|se |esofso] 'SHH - IWIL JUNSOdX3
VW G2 ~v INFYHUND NOISOHYOD (311ddv — 3WIL 3YNSOdX3 3TGVI™NVA
02 d4,3¥N1Vd3dN3L *ovIBW N9 JLATOH193T13  Lwo8'9-£5556 - IXIZZV AQTTV

S3IANLS LN3ISNVYLl JIAQONV




X, 378Vl
LIND¥1D ONINNSY3IW JONG HI HO4 G31D23¥HOD (2) 1X31 33S NOILINI4I3a@ 3SI193u8d ¥od (1)

iz s farlselssev [z i1]si]viJoz] 2 e [20]s vVav oL
ec|oz2|oslovisoles|eel6s]66[oI~|ci~foc~|It~{et-] O9T+VTI 3lvis Aaviis oL
oG 1bG 12 eIt l|2e)Ve|9b|2b|O9SibSlbOllge 02| 08 AY3IA023H %08 0L
O [c0 |90 (S0 |90 (20 et | sI |ov [ov |ezt|oviloc (g2 d3y Ol
SANOD3S — S3NIL
6c[Ze[2e 229z oz te 12 |ei[oi|2o-[vO0 2010 IAILOV- Y3y
227142122 |22j92' |92 |ve |22 |oztel | 21rtel'l cOi90 AAISSVYd - 93V
ageliejorjoejorjeriseojinrjzoieoiariiviiriso (YI 01 3na) 31VY1S AQVIILS
INJISNVHL ¥31dV NOILV Z1dvi0d (1
d3Zi4v10d 3AQONV -d
281 148168’ 1|28l |eg i |saijezi|eL 169129 11091ib9t|oo {091 ALV — IN3ISNVYL 1
LErHriysi oz igijireeiiocilegilectioc iloviicy| JAISSVYd — LNIISNVYL
gelleciferiiseilzvi|zvihivi|zrifosi|sryiosieri]isiic (VI + 7I) 31ViS AQV3LS
8S 1]O91{8G 1|GG1]4G1]6G1|2G118G 125 1{2G51]291{09'] Nw.__mm.. (91) 3.viS AQV3ILS
d 4 (2) SIOA - IVILN310d (D
oeglpec|iz|iigjevijfevi|oc]|os|vb|vv]z2]s2|o2]6 S1/%1+ V1
eit]etifealea] vz vloezlocz|eai|czlzo]2olse]be A3SS3udWI - VI
OE|9E|9CE|9EC|O9C|9CE|9E]|9C]|9¢C|9¢]|9¢|9€E]|9¢€]9¢ NOISON¥NO0D - 9T

S3YIJWVITIIN- SINIZEND (1)

L1 1 1 1 1 1 1 [ 1 [ 1

KINO NOISO¥Y0D 1INJHID N3dO IN3XEND Q31NddV 3HL JT18VIMVA

2L 4, 3¥NLIVYIdNIL VB NS 3LAT0HLO3 T3 ,WO8'9 -£S556- IXIZZV AOTTV
$314Nn1S LN3ISNVY1l OJIAQONY




X 3°8vl
L0510 ONIMNSVAN dOHQ I HO4 431234y02(2) 1X31 33S NOILINI43G 3S1934d ¥03 (1)

srjwe [ |e [ti[2i[si[zi|or]rz]oz2]ee Vav ol
9¢|162]12G612G|02L|02L]169|88|60I|S11}—]2¢l IT+VT 31viS AQv3alS Ol
Sl g |02|1I'2lLe}se|8Plbb|6G]09]|0¢cl|cOl AH3IAQI3YH %08 Ol
SO O | PO €01 20| 207|22 |02 1S9 |PI'|SI] €I d3v ol

SANOO3S — S3NIL

g2l ie|ec |og|Se | be |8l L1} 11}L0|80 JAILOV - Y3V
L2162 |9¢|Le e |agfic|Ie |8l L1600 IAISSVd - 93V
si'isb’' Ol|21'| L0 £L0'| €0} €0°| 00| 20| 2O} 10 (YI 01 3na) 31ViS AQV3LS

NOILV Z1¥V0d (1
AN3IISNVHL SNILITHWOD HILdv S3ZI¥vI0d 3AONV - d

Ig'1{gs1|egsiel1|ss b 1|co 1891} 191]29'1|8G1|6S ) 3AILOV — LN3ISNVHL i
oriygss [rijorileriozgijezille jie|zejorilogi IAISSVd — LNIISNVYHL
ceileoifevilzeiicr et ifpr i|avi|ebileri|eti]ovi (VT + JI) 31vLiS AQV3LS
ssilisi|esilerijogi{osi{se IS Her 1IST IS I|Lt] (°I) 3LviS AQV3lS

d d (2) S1OA — 1VILN3LOd (D
I'veliveleclieelzo|s9lveige]|ee|ee|s1]ol ST/ 3T+ V1
zzi|zzi|rzores|cic|eic|ecijec|2zo]oolez|o¢ G3SS3IHANI - VT
GG{GG|GG]GG|GG|GG|SG|GG|GG|GG|GG]|SS NOISONN0)D - 9T

S3HIJWVITTHIN- SLNIHYND (1)

T T T T T 1T 1T 1 ¢ P I [ 1 i I |

VN € JO NOISOHHOD IWVIDI4ILNY ININHND A311ddvy 3HL 3G VINVA

2L ....out:;htum.zm;. ZOV)BANS 3ILATOHLIO313 _NDB8'9-£SSG6 ~ IXIZZV AOTIV
S310N1S IN3ISNVH1l DJIQONV




~IX . 318Vl

LINDHID ONINNSVIW oOHJ ¥I d403 Q3.034H0D (<) 1X31 33S NOILINIZ3Q 3S103¥d ¥0d (1)
gzl jotivirlisei —| 8 (el V3v o1
GC|SE|ES|8P|0L|6G|6L|2G|L8 G2 9T+ VI 31viS AGQv3lS OL
60| 1'l|b2|6c|BE|9E| 9| LE}IIG|ES AY3A0038 %08 Ol
201 €0|{GOjvOj 21 |2l |25 |9t {v8 |88 d3v o1

SANOO3S — S3NIl

l2'1/le|62'|82 |61'|02 | —] €1'}|907|90 IAILOV-VY3Y
ozjiegjiefzge st yelr}sli|stijol{eo IAISSVd - 93V
601£27180°{80{20{01'1107}20|10 |0 (YI o1 3na) 31VIS AQV3ALS

NOILV ZIdVvV0od (1
IN3ISNVHL 8314y 03Z1¥v10d 3QONV -d

. esllss1lzriivs oo et} — | 191]og 1k JAILOV — IN3ISNVEL ]
W 12 ifvotlsiiforilzzilozi|eciticilesijos INISSVd — LNIISNVHL
k 1vilszilesilae ifovilesi|sri|ovilerilett (VT + 91) 31vViS AQV3lS
2GS BT 1P 19t iliv e |6t ){8P1i0S 18V 1 (°I) 3LvV.iS AQV3ALS

d d (2) S1NOA - 1VILNILOd (1)
pelleelgrlgslebisvlecibe| L1191 1 /%1+ V1
solle micas|essloezleoelsi|L11l26s]ss a3SS3UdWI - VT
g8|ssll8|.8|s8|28|o8|98]|28]|s8 NOISONY0D - o1

SAYNIAJNYITIIN - SLIN3IHHEND (1)

VN O J0 NOISOYU™0D vididilav 1IN348N9 a3ddv 3HL 31aVIdNVA
2L u_omm:tuxmm_zuh 2(5v)BW N9 JLAT0OHLOITI MO8 9-€66G6 - IXI2ZV A0V

S31GN1S 1N3ISNVHLl ODIQONV




X 378vi
LiNoHID ONINNSYIN dOHA HI +405 a3103HH0S(2) 1X31 33S NOILINId3g 3S1033d ¥0d4 (1)

zilsiri[riJoifoT|erifee | L |s6|o1] 8 V3V Ol
relezlsslivlisloc|ss|es|o9ojos|olLo 3T +VT 31VIS AQV3IS OL
acilsri|eijez|oz|ez|ese|sz|ec|oc|or|8P A43N023Y %08 OlL
co|vo|eo |60 oz |61 |2e|2se|os|oo |t |co d3v o1

SANOO3S — S3NIL

2z’ [ez [or[er[siTsrer|er|so|so|so|90 3IAILOV-V3Y
gr|zr|srior|si|{vi{er{er|so}or|eo|so JAISSVd - 937
Ir|6o0|60[80|v0|SO w0 [c0| 10| 10|00 |10 (VI o1 3na) ILVLS AGV3LS

NOILY ZI¥V10d (1)

. 2912119971102 1|2911691]|6S1{29112G1165°1|1GS 1|16 IAILOV — AN3ISN VML 1
; oz 1oz |zzilesi]ig1|ez1lect o) |ov1|ptiles ] JAISSVYd — LN3ISNVHL
- i IvI[Ivl|evi|evi|sti|eri|oviisrilogi|os||pr (VI + 91) 31vis AQvils
, sti1jostlost|is1|zsi|ogi|ori|eri|eti] 1s1{og1]sH1] (9I) 31viS AQValS

(2) SIIOA - TVILN310d (»

gg|s8|sel8e|ve| ve|Se|ge| L] Li| v ¥l ST /914 V]
801} L01|8LsP8S|0oLele9g|Fee|9eg|ec |11 I'9 |9'S Q3SS3¥dNWNI - VI
1'S1]1'G1{9'GI{9GI|9°GI |9 GI{OSI|OGI|bSI|FSI6PIEbI NOISON¥H0D - 91

SIUIJWVITTIIIN- SIN3HYHND (1

[T T T 1T 1 1T T T T T 1 1 [ [.{

VA 2l NOISQYH0D TIVIDIidilyv IN3H3YND 43iTddv 3HL 3GVINVA

r{1 uomm:hhmmmzm.r Zov)BW NS 3J1A10¥LO313 _WO8'9-£65S6 - IXiezv AOTTIV
S31aN1LS LN3ISNVIL DJITGONY




T IAX 3718Vl
LIN2HID ONIMNSYIW dOHA HI dC4 GILOIHHOD (&) 1X31 33S NOILINId3a 3S1538d ¥04 (1)

Ol 8|2 |bL|p8 |68 PGS |GS| 9| 9 |€9] 0L V3y oL
Zlleljselgelvellellejoelveivelee] e 9I+VI 31viS AQV3LS OL
9 |8 |SsileljLlvilze}e’ljeelse|ve}le AH3A003H %08 O1L
GO'| 90| 60 {80 |8!'| €1'|82°|0E | 8E'| 8L |Lb | OV d3y o1

SANOO3S — S3NIL
80| €0 |80 21| 11I'] €1']907| L0°| 90| 0| GO'| ¥O" 3AILOV - Y3V
eo’'|oljolI'jol'|e0 | OI'fO' | 11'}90| SO’} SO’} ¥O IAISSVd — 93V

6l[ocl'|80° | 11'|80| €1'{| 20| 10} SO} SO'| €0’} 2O (Y1 01 3na) 31VLS AQV3IS
NOILV ZI¥VY10d (b

AN3ISNYHL H314Y G3ZI4dv10d 3JONV —d

¢cc1josifoo1]joo 1.5 1|85 ]ost|es t{9s1|pS1oS eS| JAILOV — INISNVYEL
Zrrjsrijpeij2ileg ifjeg|ec|pet|ectjovitLe v 3AISSVYd — LNIISNVYL
YA I B S A ) S A PA 4 (V1 + 91) 31viS AQV3lS
A1l ) el £ Edl Gl Xl Cel SRl Bl G (31) 31viS AQV3lS

d d d d (2) S1TI0A - IVILN310d (1
2L vlerv|asclsge|isgleee| a8 1|29 1|18 I{6E 51/3%1+ V1
801|801l |ss8lose|cos|y ol c2locz|iroz|gel |l 11]e ] 03SS3udNI - VI
I'62| I'62]|8°62|862|G82|582|r62|t62|i Og|lI 0g|062|062 NOISO¥Y0D - I

SAUIJWVITHIIN - SLNIHENO (1)

T 1T 1T T rrrrrrvr1r 1 1.1 11 .
VIN b2 40 NOISONH0D 1VIDIJILNY IN3INMND a317d4dV 3HL 318VINVA
2L n_owm:._hmmn_sw._. IPVBN NS  3LAT0HIO32T3 ,WO8'9-ES6G6- IXI2ZV AOTTIV

€31GN1S IN3ISNVY1l OJIGONV




ITAX

3718Vl

110410 ONINNSYIW J40MA di HOs om.twmmowm& 1x31 33s NOILINI43a 3S1934d ¥04 (1)
gelsh et 6s |8y |65 |8Y|SS | 8S G | vt | 84|89 €9’ v3iv OL
os.lose|ost|ost|ose|gze jo2v|oos| g2 |009|065{08510LS |Ob8|0E2 056 O7+ VT 31viS AQV3iS O1
22i1¢celobll2zicel Gl{GS et idb]| 6] G2 |0L1]G¢€1i0E2| OGI AH3IA023H %08 OL
RAFECE A EEOERERES S 8t|9G'| 28" 8" d3v Ol
SANOD3S — S3ANILL
v2lizlizli2]serlsr]| 2vjiofer|er ol'|oo’| 80 SO IANILOV- VY3V
oz lvoilziivei|es |2 110110110 1{69'1|e2H| 11| 9] 16 6¢ JAISSVd - 93V
AR ENERENENE R ECES vO| 21 | vO O (YI 01 3nqa) 31ViS AQV3IS
NOILlY Z1¥VY0d (1
ez tNzzilo s lvsi|es e 1{ss1|891{8911291]991]251|S91|291]| 291 JAILOV — LN3ISNVHL 3
20 ls2H 22 ] bl |og |or+ 2b | 2V |c0Ho2+ 1| 187129 |91} bI'i JAISSYd — LNIISNVYL
selleci|ec|8EI|6E et I|er|El| Lt 1{6¥1|€G1|2S1|SPI|eST| bS] €G] (VT + 91) 31vis Aavils
o 11961165 1151166165 1]SG 1| v61] 661651 451{951|L51|2G1]LG1| LG] (91) 31VIiS AQV3LS
(2) S1TIOA — 1VILN310d (1)
cvblecvlsvelevz bovl Lv1] 2o1boolger|8 Lv| b et be| 9 S Ibl| 94| b2 d91/31+V1
12216121221|bel|LeL|0CZ|G 0S|l eble bejree| L1112l eL|89lee]leE a3SS3udnI - VI
stetstTesisTsls|s|s|s|s|s|s|s|s]s NOISOHHO0D - 9T
SAHIAJNVITIIN - SIN3WHND (1)
I S I T T I I I I O

TIN3848ND NOISOdH0D Q317ddV ON - 3Wil 3dNS0dX3

oL n_o JUNLVE3IdNIL

2Bybn N2 31AT0HLO313

F19VIHVA

JMO89-£6666-1XI2ZY AOTTV

S31dN1S LIN3ISNVHL1 OIGONY



TMAX 379Vl
LINSEID ONINASY3IW d40OHA aI 804 43103409 (2) 1X31 33S NOILINId3@ 3S19348d ¥04 (1)

091898 |09 || — 10V |2G |9€ | LS| €9|3G |G |eL |18 | L |ES v3v oL
O G| 063]0S|08E 0G1 |O€€|036|0G2|069|06Y|0e9 | — OD\___OM\QBM ov9 914+ VT 31ViS AGV3LS OL
orrjrtr{srj|erieo|slive |8e L |91{SP|S11|09]bE _O.ch.O\. ovl AY3A0234 %08 01
CO|eOIcO | €O {CO | PO |VO | S|l | €2 |G | 9| 92 | 6V |96 _Qm 98’ d3v o1

SANOO3S — S3NLL

szl ez e ig|—lizJsr[si e [vr[or|so[so|eo[co|co 3AILOV- V3V
GO |8 |CL €L 189|699 | 1L |OL|0L|19]co|8e’ {82 |2 |02 |60 |60 IAISSVd - 493V
Zrlerfer|er|srizi jer|er|er|ir|so|eofor|vo|eo|20]|co (YI o1 3na) 31VIS AGQVIS

NOILV ZI1¥V0d (1)
‘NIW 02— SS G3HOVIH LNGYH 39VLIIO0N *

o81j221821{9L1192L1] — |S21]0L1{021|891|891|G91]|2S1{€91]|291|6G1|SS) 3AILOV — IN3ISNVEL ]
€L 18989 |€9°|2L |89 |14 |22 |2l |8 |8 |[IIljerlLei]igeviob] JAISSVd — LNIISNVHL

eg gl IvijogljovilLetievIfer | |ev bl {ov 16t/ Tvilisifisi|esiier (VI + 91) 31vis AQvals

GG ST ISS 1SS ISS PSP S 1SS 1SS GG 1{bS 1SS 1S HSS PG ¥S1129') (1) 31viS AQVdS

(2) SIIOA - TVILN310d (1

c2]26[os]sv |k [oe]oe [zsi|zsl|os |6z vbiec|oz|az]ol]L 31 /%1+ V1
Ziclevzlzrziver|seijosi|ociozopzojolc|vog|1 Sil62i|[69[2S|s 2|t Q3SS3udNI - VT
GGG G NOISONN0D - 9T
SIMIJWVYITHIIN-SINIHEND (1)
1 1 1 1T 1T 1T 1T 1T 1T T 1T 17T o071 1rd
VW € J0 NOISOSHO0D WIDIIINY IN3ZUND Q3riddv 3HL F1GVISVA
A ——————————— ANV cvrm——
ol n_oum:._.<zmm2m._. 3oy)bwNz 3LAT0HL9313 ,w089-€5S56-1XI12ZV AOTIV

S310N1S LIN3JISNVYL JIGONV




T yxix  37avl
LINOHID 9NIYNSY3IW dO¥d ¥I ¥04 Q3193HH0D (2) 1X31 33S NOILINId3a 3S1938d d0d (1)

gr|log|sv|os |ov|ob|ov|9G | 1v|9¢ |95 |ob |09 |25 |8v | 19 v3y OL
061 ot vioveloezlocge|og 1{ob2loS1{ose| — | 01 bloeblos b|o09jo8E| 02 91+ VT 31viS AQv3lS O1
Gi1 |20 |el |er|8e[ee |82 |G |ea|os|gv|ev|ssivs] 6 [69 AY3IA0034 %08 OL
co|co(eo o |sO[vOo 8O o1 |22 | 12|ge|oz|as|ac|c6 |26 d3v oL

SANO09D3S — S3NIL

9z [z |ve e €2 [eeTog s [z [or 11 [i1r]|80 |90 [sO[cO 3IAILOV - V3V
oolco|voeo|co]ea|es|ir|ss|ooleciec |68t {o1]e0 3AISSVd - 93V
Br|va |9 | LV |21 er|eg v [er[vr | 1111|9090 [€0|¥0 (I 01 3na) 31V1S AQV3IS

NOILV Z1¥Vv0d (1)

6LNHOS 6L HBL I |SLNLLHBLISL1| 1 L10L1|991169°1[291]1971]091{8G'] JAILOV — AINIISNVHL 1
6L |V |SL|SL|OL |€L 85|09 (€8 |08 |1I1'1|OI1|62 I|Ig' l|ebl|er ] JAISSVd — LN3ISNVYL
6g’ljed ijeg 8L l|SE il IgHig i IvI|OVIbY i er||BYi|6¥ 1|25 1|16 (VI + 91) 31visS AQV3ls
€G'1jeG'1|6G1|6G'1|2S1|GS 1| VS 1|GS 1| bG 1 PG |GG 1 PS1| PG|GS 1|SS 11661 (91) 31ivis AQv3aLS

(2) S1TIOA - TVILN310d (1

sv|8v]|ec|ov]|92[92|ci]|si[22]es|se]ev]|ee]az]o1]o 51/9T+ V1
12 |81v[BEE|vrE[822|922| 221! G21[8'65|a99/c G2/ 63|6 0|5 01| 1'G[ 06 G3SS3IUdNI - VI
06l06|06|06|06[06[06|06|06|06|06[06|06|06|06|06 NOISONYO0D - JT

S3HIJWVITTIIN-SLIN3HHND (D

| [ L [T T 1 [ 1 [ [ [ 1
VA 9 30 NOISONNOD TWIOIIIIUY  IN35¥nd G31iddv 3H1 ITaVIavA
Oz 4, 3¥NLVYIdWIL IoVIBWNZ 3LAT0¥103713 ,N08'9-£65S6-1XI22V AOTIV

“$31GN1S IN3ISNVY1L OJIGONV




— xx 3718vl il

L1N0YID ONIHNSYIW JO¥G 81 04 CH1D3¥d00 ﬁmv AX3i 33S NOILINId3a 3S193¥d dO3 (1)

. o9 ler|ss|srv|vs|os|co|sr|os|eo| e |vo 2t V3v oL
cotlozi|ogii{col|sti{o2~ ot | 62 IPEY|1'G |8 | O~ 2t Or+VT 31viS AQV3LS Ol
({1t |og|1g|vv|ev | 21| L1eeelee|sv|ts o€~ AY¥3IA0D3Y¥ %08 Ol
volvo|90|o0|or|ar|st|si|oc|ee|er]|so G8 d3v o1

SANOO3S — S3NIl

v2lozlczlez |12 et |2t [ciJor[eo]90] 50 10° 3AILOV - Y3y
oolesloclas |es|se|ec|ze|oz|Li1|eo0]|or co JAISSVd - 93V
21l zrlzz|srlailer|[vr|vr|ti|21]|80] 20 0 (I o1 3na) 3I1VIS AQVIILS

NOILV ZI1¥V10d (D

sriferos[czifesiez1]eot|eot|egi]eatles 1|61 96 INILOV — INJISNVEL 1
i L2 19L (el 16488 |98 |1GO 1180 1|22 1|GS1]|2€1|9¢'| st JAAISSYd — LNIISNVHL
: letleeijegilzg o i 1vi|gel|ov 1|2 dicidlcidl 161 (VT + 91) 31vIS AQV3LS
votlzsiligiizetizaips1{2s1|vsiles|psjes1eg GGl (91) 31VIS AQV31S

(2) S1IOA — 1VILN310d (B

12192 |091j091|128 |28 | 16| IG|¥e|es|91]|L] vl 91 /91 + V1
Livi€ivlebz|cre|121]121]|LS9{S5S9i882|e 22|23 ol ol L Q3SS3¥dNI - VI
colleolleotie 9|2 91291191191} 991{991[LGILSI 1'91 NOISOY¥Y09 - 1

SAYIAJNVITHIN - SINIHEND (1

I N N Y D N I I I I I I

VN 21 40 NOISOMHOD ViIdldilyv IN3HNND Q3A1NddV 3H1 J19VINVA

oL 3,3¥01v¥3adN3l Zowmbn Nz 3LA0HL0313 ,W08'9-£6566 - IXIZZV AOTIV
S310N1S LN3ISNVHL1l OJIAGONY




TIXET 318vl

Corsett ONINASYIN Gl =0 w03 G4LDdcs Do 2¥41 335 NOILINI43Q 3S1934d  HOd (1
O vo|o9 |vo|es|ss |ss | oL ey |ss|vsloofos | Vay ol
T oz1l021| ov |ov [o1~|s1~| 06 l02|sv | 6~| s~|oI~|  9T+VYI 31vis Advais OL
viioileeles lesleg|igiecloelreler|ss A43IA0D23Y %08 Ol
s €01€0 9079060 |80 | LI'|61|Se|Ge |69 | 3L d3v o1

SANO09O3S — S3NIL

62 logc |oz ve o2 [e1 o1 a1 60|60 [co |90 JAILOV - Y3V

_ <G |€G |ev [ev |0g |2g |gg iga |1 |si |90 |sO| 3IAISSVd - 93V
N l ZO0 [OT (207 {60 |11 | 11|80 | 20| L0'[207| €0 [€0 (YT 01 3na) 3LVLS AQV3ILS
L NOILV Z1¥V10d (N
T 82 e f6s vy 891291 e 1[es1leglvet] IAILOV — INIISNVEL ]
L1 le@ g8 66 66 L01|GO18 LI BE18c! oploy!;  3AISSVd — IN3IISNVHL
R mv:w,-omwl [FaI Ry ow:o?qu.?v_ splicrl (VI + 91) 31vis AQV3ILS
L0 evliaviler1|0gi[svijari|aviizrtievierileriavt| (91) 31ViS AQVALS

(2) S1IOA — 1VILN3LOd (1

P ioIf 19l zels6|1b|23b(92(L2 |81 |61el]|E] 0T /91+ V1
82t |(82ti8tdi6t3| 68 | 16 [63|6LbitFES 1p2leglss g3SS3HdNI - VT
o8zl082|i 82|i'82l882|882|c 82|c82|¢8z|c8z|s8zlc8a| NOISONY0D - 91

STHASWVITTIN-SLINIHYNO (B

N N O O N O O O

VA P2 40 NOISOY¥H0D 1VIiDIdlLyY IN3YYND 431NddY 3HL J18VINVA
oL u_oum_.:.aummms_wh S(ov)bWw N2 I1AT0¥193713 ,WO8'9-EGSG6 - 1X12ZV A0V

S31aN1S LN3JISNVYL DIQONV




TXX 3718vL
LINDYHID ONI¥ASYIW d4OMAQ ¥ 804 a3LDIYHOD (2) 1X31L 33S NOILINI43@ 3S1938d ¥0d (1)
9010|1090 120|420 SO|bO|vO ] 10]e0 (to=l1O={10=(10> —| — vViv oL
02~ LG|6v|8s|sz|oi~|oI~{oi~lie|—]| s~ozlzi|ezlol|—|— OI+VT 31visS AQv3ls Ol
2z lvrforjoelsgeise|oc sz |s2leolsalee]| 1| 1>]—|— A¥3A0034 %08 Ol
10>{20]2o{olI'jeo |20 |0l |[so[vo{c0|co|co [vo|co|co|co| €O d3v o1
SANOD3S — S3NIL
Lilerjerv]irjiviso|sojLo|so|vo|zolio}io]joo|iofoo|i0 JAILOV - V3y
1S |vo|eo |eo|eo|er |vv |92 |62 |0l |80 vOo|co |10 |20 |20 10 JAISSVd -93v
2O 1101000100101 10100|20]00{20|10°110°{10°{10°{00° |00 (YI o1 3na) 31ViS AQV3lS
NOILV ZI¥V10d (1
A A R O 2R 2 IR PR I T R CE R CE T R I Y JAILOV — INIISNVYL ]
brrnoothojrotjionjoztienriissijve i{vsi|ssijooi|i191[eot|eo1|eg| 9l AAISSYd — LNIISNVHL
wuw._ POHPO PO PO HED HEO HPIO HED I [L HET PO PO PO 1P 1GOOI A<H + oHv 31lvlS AQV3lS
RIS S T R N G S EE T e R e T G CE T R Y (91) 31viS AQV3LS
(2) S1ITIOA — 1VILN310d (D
pe lseljselies |28 |8b|ocioc|g2|1eg{ol|ol]lel]er|2I}] SI/91+ VI
eOPIBLE 602|921 P21|GGL|2GLI02GI02ZS|9G2 e 12]l6 2|62l G9lPbalce|O¢ QA3SS3¥dNI - VT
0cl0c|oc|o02|oc| 02| 02loz|oz|o2|oz|0c|0o2|02|02| 02|02 NOISOHN0D - T
SIYIJWVITHN-SLNIYIND (1
[ T T T T 1T 1T 1Tt vt 1T 1 b 1]

1N33HNO NOISOHHOD G311ddv ON—LN3HHND -A31TddV 3JHL

oL ..._o 3¥N1VHY3IdN3L

2106w N9 31A04193713

38VIdVA

JdNV

ZNO 89 -€GGG6 -1XI12ZV A0V

S310dN1LS LN3IISNVH1l JIGONV




Iwx 378v1

LiNuaE1D SNIMASVIW dOda 81 801 (Hio18300 (L) iX31 33S NOILINIZ3@ 3S103¥d do3 (1)
L0[Z0[20f2z0[c0|90[so[sofco[vo|co]z20|co|20|co]— YV3v oL
ocl2]| s~ c~elig i} b~lob|92i2ell2|ilj8 19| |— OT1+VT 31viS AGV3LS OL
SO PO | 60718022182 {2 |0 102 14214} €l b~ €~|—| — AH3IAOD3H %08 01
Soo|10 €0 jco|o1|or |s0({e0 |c0 |20 |20 co|co|co|co|— d3v o1

SANOO3S — S3NIL

oI |G {2I €l {80 |01 |207120|GO |90 | €0 €O |10 {10 | 10| OO JAILLOV- V3V
€6 1661091197165 |09|9¢g{6E | 61102120{80|20|20110|10 JAISSVd - 93V
2o lzo|voleojeolzofio {20 10{00}10 |00 |00 [OO | 00| OO0 (YI 04 3nQ) 31VIiS AQV3IS

NOILV ZI1¥Vv10d (1)

, osezt|zoeo e Tesizi]ezifos]oz1]eg1]|gai|og1|ag1| 991|co1 JAILOV — INJISNVHL ]
“Teotlzoltolliotlsoi|zotlzz vz lsvi|vrilzgi|zsi|eo 1| el b1 ol 3IAISSVd — INIISNVHL
TIZgizo i 1otlzoilzotlzotlcolicoi|volvat|vailsoilcot|sat|catlcol] (VI + 9I) 3ivis AQv3Ls
Ho1lpo1lsolleol|pollroi|bal|cot|colivat]colisoi|soi{sai|saileal| (91) 3Lvlis AQv3ls

T (2) S1ITOA — 1VILN3I10d (D
sozg|ooz{Lei{9el{ L9 L9 |G |Sbigeiec|le|le etfer| ] S1/91I+ V1
ceblleplooz|eczlcel|cel|oslle 2[e8r|osb|gselsee| b o|co| 92| b2 G3SSIUAWI - VT
2elecl 22l eel el eeleeleelee| celge|ee|ee|ee|eelee| NOISO¥Y0D - I

SAUIJWVITIIN - SLINIHHNO (1)

[ T 1 I O I N I O O O A I |
VA € 40 NOISOYHOD 1VIDIdiLNY AIN3IYHND a31T7ddV 3HL 3TIGVINVA
ol n_o 3¥4N1Vvd3dN3L 2106W N9 31A0HLO9313 LWD89-£5SS6-1X12Zv AOTIV

S31dN1S LN3ISNVYL OJIQONV




s

XX 318VL
_ LNDHID INIEASVIW dJub S MUs dlo &...#m,.:,.& - 1x4i 33S NOILINId3a 3S1933d ¥04 (1)
90 | 80190 |90 | 90190 | L0|¥0| 60| ¥O |SO | 10| 1011020 | £0') O V3v oL
s~| o~joi~| — | og|8e|se|ge]| sr|vv|ov |82 lg|SjI1] e~ 1] 01+VT 31visS AQv3lS OL
go'lgo|vo|ol|eolig|geles|oe| e~ L6 |{s~e~|—|— AH3IA0034 %08 Ol
10>{10>{6o0| €0 | cO |60 | 60| €0 [€0 |20 | €0 | O[O | €0 | £O'| €O'| PO’ d3vy o1
SANOO3S — S3NL
2iTersifvirerjorjir|so|so|e0{so|eo}eo|20|10]107] 1O 3AILOV - Y3y
cglgslzs |oolvaler |6b|ee |22 |G |L1'|G0|S0}120 |20 {1010 JAISSVd - 93V
iol2ol10loojoo{to|i1o]ooliofio-[oo|10}o0]o0 oo |oo oo (¥I 01 3n@) 31VIS AQV3IS
NOILVY Z1dVv10d (1)
R R R R R R N R CEN EE R CE U EER N EE I Y 3AILOV — LN3ISNVHL b
“orlaot]oatfze (667 {e 1St 1iob 1Y 18P 19P 126114811291 291|E91]€91] JAISSVd — LNIISNVHL
o Higle9Heg 69 Nm;mm_ COllEg s 2€911291{291 b9 |PIIPITWIl| (VI + 9I) 31viS AQv3ls
cailesilpoilesiiegtioalics {20 pei|g9 1 €91|e6 11291 p0 HbI | |bOT{ PO (°I) 31viS AQV3iS
(2) S10A — IVILN3LO0d (B}
cozlcollgoilenlziilecles [eclec Jaz ez 2|21 v |vi]e]el 91 /314 V1
vovlvzelczelovziove| 811 |811169G(29S|620| Vet |LL1|L 2114 01|LO01 29 €9 a3SS3ddnI - VI
el vel|l vel velve|ve| ve|velvelve|be|ve|be|ve|ve) bS] v NOISO¥N0D - 9T
SANIJWVITUN - SLINIHHEND (1)
rrr1rrr r.r1r 1 1 [ 1 1 || _
VNS 30 NOISOHHOD VIDI4ILYY IN3HYND @31NddV 3HL 3T9GVINVA
oL .._omm:._han_s_uh 206 N9 3LAT04H1LO33 SJND89-66666-1X12Zv AOTIV

S31ANLS LN3ISNVYL OJIGONY




T 3hisvl

LNDaid ONIMOASYIW <ONG wi 50 d2iJdbsdo. 0 (0] L¥31 335 NOLILINId3a 3S1933d ¥od4 (1)
50| 9090 [ 60| 90| so| 0| 20| 20| c0°| vO| 20 V3v oL
vsliviotl|zgs| s~ve|st] s~ 1| gl|seoe~ Or+ VI 31vis AQv3ls Ol
80 |SO|el |2t |ee|ee|ac|ob|92]|ss| 8~ i AY3IA0D3H %08 Ol
10>| 10| SO | G0 90|90 |20|¢0|c0|cO|b0O | €O d3v o1

SANOO3S — S3NIL

Zi'forlerizi|oriir]|volsal|2o|co |10} 10 IAAILOV- V3V
cclss|volsolec |ov|si|o1}solso|zo|eo AAISSYE - 93V
colz20lo00l00| 10|00 |10 00|00 |00 | 00|00 (Y1 01 3na) 31ViS AQV3lS

NOILVY ZI¥V0d (1

0811081191192 1| £21162'1]1891{69119911991]59'1{G9'l JAILOV — INJISNVEL ]
soi|io1]oo166 |ve1|vei|sriisvilesilesi|zolzol) AAISSVd — LN3ISNVHL
N goilzolleolvallcat|val|eoi|vol|vatbat|pail|vo (VI + 01) 34viS AQV3ILS
o £91[v91{p91|t91|t9 v91|v91|poi|bol|pal v91|p9l| (31) 31viS AQV3lS

- (2) SLIOA - IVILNILOd (D

zvilevi|ez[ez]sv[vv[oz]oz| 1| L1]|en]en 31 /%1+ V1
oSy |8vb|9c2|oce|o11|G11]0ss|9cs|2eels2e| 8'6 |01 a3SS3udNI - VI
vel el be|be| vE| vE|bE|bE | bE| bE| PE] bE NOISON¥HO0D - 9T

SAHIJWVITIHIN-SLNIHYND (1)

[ 1 [ 1 [ [ | | [ 1 I 1 .
W 21 40 NOISOHHOOD 1VIDIdi iy 1IN3¥HND Q3i1TddV 3H1L 3G VINVA
0L 4,3dN1VY3IdNIL TI56N NS JLATOMLIOIT3  SWO8'9-£96S6 - IXIZZY A0V

S310N1S LN3ISNVHl OJIQONV




318vl

LINDYHID ONIMNSYIW H0HG 81 HO4 d3103¥¥3D (8) 1X31 33S NOILINId3a 3S193dd ¥od (1)
90|20 [80 |20 90 [90 [s0 |90 |10>)i0>)105] 105 V3V oL
vi1lot|s~livlzvioviac|zelsiize|—]9 O91+VI 31viS AQV3iS Oi
20lz0lze |8z |z lzilsrise|l 2l e |— 2~ AH3A0238 %08 Ol
0 [c0 |60 (80 [cO0 |0 |cOo 20| cO|co|vO|c0 d3v o1

SANOO3S — S3NIL

oiJoi el jei[go 8o fvolvo[vo[ro 1010 3AILOV-V3Y
2o Jco|eo|oc sz {22 etz |20 |20 |20 |20 IAISSVd - 93V
o |1o oo joo |10 |10 | 10|20 |10-{00 |10-]00 (YI 01 3nG) 31VIS AQGV3ILS

NOILV ZIdVv10d (D

» eLtjog 1z |2z 1]ez ez 18 1]e91]Lo1]L91]po1]s91l IAILOV — INIISNVHL ~
' oo'ise [Totjgol|set|ze1logi|igi]1]9sT 291j291| JAISSVd — LINIISNVHL
zotleat|patleot|tot|voi|eat|eoi|balleat|bot|rol (VI + OT) 31viS AQV3lS
£91|t91|bal|vol|so1{sol|pol|sai|eot|eal|eol|poi] (91) 31viS AQV3LS

i?) SITOA - IVILN3L1O0d (1

86|86|9G{9S|zg (2¢cjgeigeigiigil|vi]el 4H\JWH+<H
geb|ctb|822|0c2|601|601|829(619|S6Li6L {8 Ll bL] 03SS3udNI - VI
0G| 0G| 0G| 0G| OG| 0G| 0G| 0S| 0S| 0G| 0S| 0S NOISONHN0D - 2T

SIHIJWYITUN-SINIHEND (D

T [ T T T T T 1T 1T [ 1 | _
VW 52 30 NOISO¥H0D  1VIo\ 31 18v IN3YEND Q311ddv 3AL I1GVIGVA
OZ 4,3UNLVH3IdW3L 756w No JLATOH10313  WNO8'9-E55G6-1XIZZY AOTIV

31dNLS LN3ISNVY1l OJIGQONV




TIAXZ. 470 L PEECT NOISOMHN iN3Bvddy = DOT ‘g50 UM WOMd4 INIHHND W1OL
(NI IV 24T ANSHH0 S GdiGdo JOVHIAY - T1uNIEdN0 Qo odV VNS =0T CINIHYND Q317ddV WANIXVA = WOT (1)
€99 vsi 2s 2ol S6 ol oog¢ 14> 09’1l -
vl9 SS¢ €8 eLl 091 06| 081 cE 8s’'l -
oL S¢S 861 L9¢ ove 19134 S8 F4 981 -
Sl 969 89l 88t 244 0oL oL 1 3> st -
L 4189 861 625 0o€s SiL 09 6¢ 92’l -
‘68 96b SS (44 S6€ S69 os o¢ L0 -
L96 9G¢ ¢l 144 See o9v S6 cE 41’0 -
L16 0S¢ 8 4 42 oce SlE S6 €€ €80 +
86 92e 14 ece 061 oo¢ ovi o¢ 61 +
+ 966 oce 1 612 002 ocb o8 143 6’y +
% 't i ¢ °r 1 Wer |sauoNiN| 4. | WD 1vs sA SITOA
343 SIYUIJAVITTIN 3NIL dW3L TVIANILOd
3QONV SIN3¥¥ND (1) 1s31 | wNid 3Q0419313 W

2106 N8 -~ ;ND8°9 - S3AONVY IXI2ZV

d ,2€ ~ 3YNLVHY3IdN3L MO1-Vivad OI1LVLISOILIN3LOd




A 3719v1
AIN3¥YND NOISONNOD
IOVH3IAVY LN3HVddV = 92T *SSO7 1M WOHZ MOTd ININHND TVviOL IN3Y¥YVAdV = T * IN3HHND
a31Nddv 39VH3AV= PI * IN3NNND G317ddV WNid = 0T * IN3NUND G3iINddV WANIXYWN = WOT (2)
dONG ¥1 ¥04 G31238Y0D JON (1)
208 16l (B 921 el i ovtl —_ og’l -
1’98 8 vS o3 ) c'8t S 85 06¢ 12 ov't —
€29 -1 6v | L0¢ oce oge ol -_ 2’1 -
' 9G 8G. (KX l2b oz2v o6b G8 68 Si't-
S 6601 S0S v6S 065 059 09 €6 001l -
S99 1211 ¢6¢ 8.1 0.6 0.6 st 86 G20 -
SOoL £€G11 6€¢ vis 0.L6 016 ov 96 0G0 —
L1 gi12l ave 0.8 0011 os¢l G¢ 201 o
cLL c28l Siv 80v | 0S81 0002 G2 921 o'l +
8'8L ¢682 0.S G2l 0Ss22 0s.22 ' 621 o2+
os 20¢¢ 299 ov9o2 oo02¢ 002¢ 21 2vl 22+
vo8 6.2¢ b9 G£92 00¢¢ 0oo0¢ge rq| 0S| ge +
18 89GY 898 00.¢ —_ —_ ol 96 ce +
% 1 91 °1 101 “WPr  |saLnNiN 4, | WO 1vs sA S1T0A
443 S3IYIJWVITIUN Nt dWN3l IviiN3iod (1)
3QONV SIN3N¥ND (2) 1831 TVYNId 300415313 BN

3,04 -2(2Vv)BbW N2 -S3AONV IXI2ZV
vivad OI11V1SOILN310d




-XIXXT 379vL

€l .08 22l | 8Ll S. 12 €€l | 691 | LieGES
€1 ocli el 691 8. Sl |61t ] ¥9°1 |9lesed
S1T0A O'1-O1L SWHO 081 S1T0A O'l OL SWHO 00!
P A v Ga'l | 66’1 al S’ ¢80 | 00} | Llesee 9¢'¢e m.—.ﬁ(mpzn_om_
N
8. ¢t te’l | 6G'1 8. G2 |S80] 201 9126¢2 99°1 AUVIVHLIHGD
bn
343 ¥3sS | 990 09 | 343 H3s | 090 090 ‘ON
% SUNOH | "3AV VILINY % | SHNOH | 3AVY .._<_P_Z.H.._ HOLvE [ALITVINYHON 17vS
— JOVLIOA ~ — 39VLT0A

SLT0A O°t OL SWHO 0%

S1T0A0L0 Ol SWHO Ol

4,0LdN3L° NIVHA SNONNILNOD ‘S7730 3218 .4,
S3LAT0¥12373 11VS QAIOV JILVNOMY




144

SNOISIAIO OL X $3TDAD €

14-8SE

“OD UABEI ¥ TRASNIN
DINHLINVYOO T INIS

A

SALNANIN § H¥3d G3AT0A3 (dLS)3H §,99




WNISINSVYIN HIIM (d3AN3S80

LIN3ISNVHL 3J9VITOA OIAONVY

3Sv3HO3a <« JNI1L —
INIRIND

d3Z1NvY3IN39

3SV3IHONI
ANIHHND

IANISSYd

<«—7VIIN31O0d —>

ANILOV



o

L

- prea—cb e

e

A A S

IR

e frregors

Lo

-
.

+

4.

1~

a0

e g

-+

7

et -

-G oo~ W




, pqnays [Ages FPURd spans sous T
1 RN et 388 boR A TAERE sans danst 5
H- bprd rHE ' i i Y
tH{ H sestiitadl; SRR Re Rt LR Baenq dyusi :
= 254 o5 &4 s : -
un gdy gEses & ERSE SEPRE FRRR RuLat 2o, =
%3 BRI BHH L R
[¥51 S B 4 1+ i h Py { .13
+ T i1t t bnss: : ‘
i Iy + ot ] + i T. syt A
pue -+ ﬁz., " i + 1
uu s S t L a . o
T 1 FROUN pamus Saww g :
abgani s ¥ ¥ i 3 @L o et :
BFRas] Saazs teuss J20 08 : s 45 Shon H : :
. : .
: BISTRIELE : TEes dydr s i + - . -+
1 i i i s :
e et ions bl . - + ¥ 1
T
+ v $ - +- -+ i + ¥
naed Y 11 jeEn H B34 jEEERpbay pevast : 1 +
B Rety fuys. jas 1513 H Sa gt iagss berp caas ] Snrad o8 sasmeh i
r T T T wns pouSt
T T ngs peee T T =t 2331
1 SHES SEON A 65
+ 1 i Tam 4 [54 anazEgasd jabe asas s
1 ¥ . by 18 — 1§ 44+ 1 - + + +
T 1 e r L +
- . H iy 18 a1
® e T as 1
_ ! . i : e R ; ;
fnud ne ! t I
g8 ya g ¥
"._ be! P HERG §0et e + :
4 e g At 1 r !
T 1 +
T s
1 s b4
1 . Rafm:
. sum *
1
.
}
L t bt
H7
b 1.
T 1
yuul : t
e T 2 ¥ "
-4 =if 1 1T o e 1
- I :
t : !
ot be
¥ T
T t
'
: T
t A T
t raae 1
: t
1 i} 3 i
+ i M 3
—t > 8 0
i LA L L
1
t - -
et t :
T + : —t
nae o =kay rig o mS &
B4y ca aaa i 52l
: Yoy "
“ L :
H T re3ss :
t 77
b + T r 481 +
+ 1 SONE 1
- - b+
gpugme ;
H ¥ Aniay m
1 jusss : }
> +
T X} + t
h H b jags: t + :
il ] “ +od - w 1
mae i = ey HEH
194 1 T t @ & ¥
t 1 i owge & -
it Y
t T a8y t
I I
g 1 -4 :
T :
b 1
T T+
t ass BOE:
T + T t + :
T IREN pUNI H s
T im0k ba s i
: : ;
< 4
i+ = :
T T e
: ¥ HH T : i
T T e o 1 15t
. t




7 I7 -~
- 540 +
13 §ir- 4
o o 1
i rHtHiir 1
3 Sgsenishis
=3 + s + 4
Vi 3
> +H
4! Wi +
i I 7
b 1
3
+
<
+ I
t
v
b
i
it A
et I 8 o T 1
r t
9 B8 i -
SeaTy 56 ¥y e y M»Q
: : 1 » M
sgssse: t + e pa s % m s
SR e IS e : 8. a5s
N s .
4 T h 1 411
s T tHH
i o=y
et w 13
T 1 2
1 +: 14 ]
iy HH
T sessar . Tssss
H + ; ]
- m -4
L (eons
rog pus 3 17
I
t T 4 Fim
1 T + &H
1 uf 48 1 ]
1 i o7
T + .
_— mn b i T ET T T
13T 1 ) I 3 . —d
f ul 'y LS B 1 ]
- u_ + - i
i pheas sames i 1 1
& PR +17 12 Tt
ag FE '8 S0 I 1 t
pas )6 N8 RS ARS!
! t s >
| 84 »: } o Wmn
I ——+—
3 1 + -
+ LSS FRASS
rHris
i 1
3
1 1 be
t T IS EBne
yt et
1
+ t
wEaS } ¥
T 1 e
i > 1 3
: T i
- ra B
13
e 1
t
+ i
- +
T
+ t
T
I 3 1
M - b4 |
1 H
Y ; |
T
T v
T T
- >
3 [id 1
- e .
T
1
1
i




PP ‘w‘\_‘., —

L
R

i
H ]
+
1
—
; R T
R o
H T
1 [
[ R
n_
B
; 1°0
—4“ +—p
- 1
I L
]
by +—1
—
] W »
,,,,, | . -
+ T
o o
1
: .
T ]
H
Bl
i




il

SaEN

Re

e i *
e -
SRR !
v\»"‘\a

Saand

_, -

—

et bl e -

; |
1 1
i
!
)
1
. 3
. RN
; j
1
Eul i
: N i
: E PYu}
. L ¢
T H
e i
| t
t - n T
+ n : i :
I ! !
I Ll
! -
H i
: |
5 ! L |
L ! ;
[N} i t
+ 4 . :
I 1
T 1 n
i L
Tr .
LI_r i
Pt

Tl
RS W Aapars X

P

O ) Y

«———— S170A NOILVAISSVd 3V —»




I Y

O

o'l

b - 4




%
\
et
o
h i
)]
s i
NS
T
o NI
H ! 711
11 i !
[x _ _
] :
1
L}
‘‘‘‘‘ v'lq\\WIx
T
i w
4
[
|
{
)
1 I
I | 1
1
» —-
{ Tt 1
i1ii T T H




.UZO-O-)-A- 0oL X S3WDAD €
EE R O3 ¥ISSI W V34NN w.x
1 L-6GE JINHLINVYVOOTI-INIS

-



R
P L &

FIG. Il

i

S rPNM

g

)
-

asiobe

3

RV

JBRIA 4 ) 1o Y |

SN0ISIAIGQ 0L X STTIDAD ¥
"W S "R Ny Jeve *OD NISS3 ¥ TAHANIN w.:
19-66€ DINHLINVOOTINIS



SNOISIAII OL X STTOAD €

¥ S nwizave

LL-6SE

"OD W3IBS ¥ 1A44NAN
DINHLINYOOT IN3IS

XM

T3W0TIVO G3LlvdNnlvs SA SLT0A




TINOTYO GILVHEALYS SA SLTOA

s3

1,

SNOISIAIG OL X STIDAD €

LRSS LT

LL-65€E

TOD HISSI W TIL4NAN
DIWHLINVYOOT-INIS

<H

; B R e A R I I A A8\ ,&a g4 [LN3 a3
‘ [ 10 IS ) DRDS S ° nv; S. 0Ol i
- o f e e Ressinass lyr«!.:fﬂl‘_‘,:wi, [0 ot DRI B8 1 il +
_ < W "~ w [%:Y
n'_ 1 2 A Nt = - w 0 © o~ -




ORI 1DEUS BURE S o &
Vol ki gt
i ] H g remu okl
i M
i t
: gy
3
b
_
Lis I
H HT
TVl T
shai s :
IRER . H I3
q_ﬁx J i
.»_ " M
i . |
o 11 IRNEN i
N L
1 i i ,
1 1
3
4
L
]
1
i
1

ey

r
1IN

-
| .4
[ -+

4
1
,; Tt
=1 ’1
N Tﬁa b1 204
dpetridid
JFUSY JU
: sy ;
i

10

SNOISIAIG OL X STIDAD €

¥ 50N RTve

1L-6GE

.OUKNWMN_IJN&L:HI w)x
JINHLINVDOT-INAS 1

T3N0TVO Q3LVHNLVS sA SLT0A




*pajuasaad

sT odewep wWITJ 8AT30330ad U3 TM psireroosSse ST
JUdJIIND OFPOUR PISEIIOUT U3TM UOTSOJI0D snoaurjuods
POSeaJouUT 2Uj 38yl 20UIPTAT -Po3eIT1SaAUT

2J9M WNTEaUBEW JO sJ0TARYSQ [eBT3u3jod juagsueas
pue ‘Tetrjudrod ajeqs Lpeajs ‘uUoOTINTOSSTP dTpouy

qaoday paTJISseroun

20-100-60-66¥< ‘ON °foad vd
28068-0S-6£0-9¢vVd 328ajuo) sdaod [-udys
dd o9 ‘suydeap - suorjeaysniil

¢96T Ttady T 03 ¢961 Aaenuep [

‘qaoday ssauBoad ATaajaendy paiyl

8190 AaqQ uosutqoy 1 " £q
unisauldey °*2 opouy umysauBey ayjz JO UOTIBITISIAUL
STIT3) Luedwon TEOTWIY)H MO AYL
Laeutag T ‘*ATq ‘Auedwo) sj3onpodad Te19W Moq
patJIseeIoUn *ON UOTE8300Y ay
*pajuasaad

ST oFewep W{TJ 2AT30930ad Y3 TM pPa3eIOOSSE ST
1Ual1and OIpPoUE PIBEIIIUT YITM UOTSOJJI0D snoaurjquods
paseaadoul ayj3 3ey] 20UapIAT “PI31e3ITISIAUT

aJdam unisauBew JO sJO0TARYDqQ [ETIuU2j30d juaTsuedl

pue ‘terausjod aje3s Lpeaqs ‘uor3INTOSSIP OTpouy

qaoday pa2TJIsserouf

20-100-60-€66Ve "ON -foad vd
29068-0S-6£0-9¢¥d 39'IjU0) sdao) TBUSTS
dd o9 ‘sydeap - suorlzeaIsnITl

£96T TTady T 03 ¢961 Auaenuer [

‘qaoday ssaadoad A1J93Jend DIATU]L

s1190 4Lag uosutqoy ‘1 “r £q
unisaudeN ‘'z 9pouy unisasuBey aya Jo uoTaEeIT3I89AUT

81190 Kuedwo)n TeoTWABY) MOQ AUL

Aaewtad °1 ‘*Aa1q ‘fuedwo) s3onpodd 1eI9W mMod
po1JIsserouf) *ON UOTS8900Y av

dyyd XIANI

*pajuasaad

sT afewep WITJ aailo230ad yaTm vm»mﬂoommmowm
suelu

3UsIand ofpour SISEIIOUT JATM UOTSOIIO
paseaJoul ayjz 3Byl 2°uUspIAd

O sno
*pa3e3T1SaAUT

aJom unyisauBeuw JO sAOTABYUY2Q [ETIU230d FJUITSUBIY
pue ‘rerquajod 3ajeas Apeals ‘UOTINTOSSTP dDTpouy

sTT20 £faq

STI20
Kaewtad 1
patJisserouf

qaoday patJisseiouf
20-T00-60- 66¥¢ °ON “foad vd
28068-0S-6£0-9¢Vd I0eI3u0) sdao) TeudTs
dd o9 ‘sydeap - suoTjeJIISNIII
€961 TTady T 03 ¢961 Axenuep T
¢qaoda}; ssaaload Ara93aeny pPaATUL

uosutgqoy 1 " £q
unTsauBel °2 dpouy umisausey auiy Jo uoTjestTasaaul

LAuedwo) TEOTWIYD MOQ 3UL
‘-ATq ‘Aueduwo) s410npoad TeIBW MO(Q

*ON UOTEE320Y

av

*pajuasaad

sT 93ewep WITJ m>ﬂpou»0ha U3 TM pajeroosse ST
UBLIND Jppoue PaseaJJout YyiTM UOTB8O0JAI00 wsomgpconm

paseaJdouf ayjl eyl 9OU3IPTAH

*paj3edtTasaAur

aJaom wnysaugew JO SJAOTABRYSq [eTjusjod juasuedl
pue ‘Terauaizod a3eas Apeais ‘uoraniosSSIP OTPoUyY

s1120 Aaq

STT12D
pe1JIsseroun

qaoday patJisserouf
20-100-60-66v¢ *ON -foad vd
28068-0S-6£0-9¢Vd 39'JI3U0D sdao) TeUBIS
dd o9 ‘sudeap - suoTjeIISNIT]I
¢96T TTadv T ©03 ¢961T Aaenuer 1
‘qa0day ssoadouad ArdajJaend PATUL

uosutqoy °1 " £q
unysauBey °2 opouy unisaulden ay3z Jo uoTaedrasaaul

Auedwo)y TeOITWAYD MO YL
Lxeuwtad °T ‘-ATq ‘Auedwo) s10npodd TBIIW MOd

*ON UOTSSa00y

av



DISTRIBUTION LIST
THIRD QUARTERLY REPORT

CONTRACT NO.

Commanding Officer

U.S.A. Electronics Research and
Development Laboratory

Fort Monmouth, New Jersey

ATTN: Loglistics Division

(MARKED FOR PROJECT

ENGINEER) (&)
ATTN: SELRA/P 1
ATTN: Dir of Research/Engineering (1
ATTN: File Unit #1 1
ATTN: Technical Document Center 1
ATIN: Technical Information Div.

(UNCLASSIFIED REPORTS ONLY
FOR RETRANSMITTAL T
ACCREDITED BRITISH AND
CANADIAN GOVERNMENT
REPRESENTATIVES)

OASD (R&D), Rm 3E1065
ATTN: Technical Library
The Pentagon

Washington 25, D.C.

Chief of Research and Development
0CS, Department of the Army
Washington 25, D.C.

Commanding General

7 83.A. Electronics Command
ATTN: AMSEL-AD

Fort Monmouth, N.J.

Director

U.S. Naval Research Laboratory
ATTN: Code 2027

Washington 25, D.C.

Commanding Officer & Director

U.S, Naval Electronics Laboratory

San Diego 52, California (1)

Air Force Cambridge Research
Laboratories

ATTN: CRZC

L. G. Hanscom Field

Bedford, Massachusetts

DA36-039-3C-89082

Rome Air Development Center

ATTN: RAALD

Griffies Air Force Base, New York (1)
Commanding Officer

Harry Diamond Laboratories

ATTN: Library, Room 211, Bldg. 92
Connecticut Ave. & Van Ness St., N. W.
Washington 25, D.C. (1)

Commanding Officer

U.S.A. Electronics Materlial Support
Agency

ATTN: SELMS-ADJ

Fort Monmouth, New Jersey (1)

Deputy President

U.S.A. Security Agency Board

Arlington Hall Station

Arlington 12, Virginia (1)

Director

Defense Documentation Center for
Scientific and Technical Information

ATTN: TISIA

Arlington Hall Station

Arlington 12, Virginia (10)

Chief

U.S.A. Security Agency

Arlington Hall Station

Arlington 12, Virginia (2)

Commander

Aeronautical Systems Division

ATTN: ASAPRL

Wright-Patterson Air Force Base

Ohio (1)

Air Force Cambridge Research Labs.

ATTN: CRXL-R

L. G. Hanscom Field

Bedford, Massachusetts (1)




-2-

DISTRIBUTION TIST
THIRD QUARTERLY REPORT
CONTRACT NO. DA36-039-SC-89082

Headquarters

U.,S. Army Materiel Command
Research & Development Directordte
ATTN: AMCRD-DE-MO

Washington 25, D.C. (1)
Commanding General

U.3.A. Electronics Command
ATTN: AMSEL-RE-A

Fort Monmouth, New Jersey (1)
Commanding General

U.3.,A, Combat Developments Command
ATTN: CDCMR-E

Fort Belvoir, Virginia (1)
Power Information Center
Moore School Buillding

200 South Thirty-Third Street
Philadelphia 4, Pennsylvania (1)
Dr, 3Sidney J. Magram
Physical Sclences Division
Army Research Office

3045 Columbia Pike
Arlington, Virginia (1)
Dr. Ralph Roberts

Head, Power Branch

Office of Naval Research (Code 429)
Department of the Navy

Washington 25, D.C. (1)

Mr. Bernard B. Rosenbaum
Bureau of Ships (Code 340)
Department of the Navy
Washington 25, D.C. (1)
Mr. George W. Sherman
Aeronautical Systems Division
ATTN: ASRMFP

Wright-Patterson Alr Force Base
Ohio (1)
Dr. John M. Huth

Advarced Research Projects Agency

The Pentagon, Room 3E157

Washington 25, D.C. (1)

Lt. Col George H. Ogburn, Jr.
Auxiliary Power Branch (SNAP)
Division of Reactor Development
U.S. Atomic Energy Commission
Washington 25, D.C.

Mr. Walter C. Scott

National Aeronautics & Space
Administration

1520 H Street, N.W.

Washington 25, D.C.

Institute for Defense Analysis
1600 Connecticut Avenue, N.W.
Washington 25, D.C.

ATTN: Dr. Szego & Mr. Hamilton

Mallory Battery Company
Tarrytown
New York
ATTN: Mr. J. Dalfonso
Burgess Battery Company
Freeport
Illinols
ATTN: Mr. M. Wilke

Union Carbide Consumer Products Co.
Cleveland

Ohio
ATTN: Dr. F. Granger

Electric Storage Battery Company
Ray~0O-Vac Division

212 East Washington Avenue
Madison 10, Wisconsin

ATTN: Mr. P. Albert

Radio Corporation of America
Somerville
New Jersey

ATTN: Dr. G. Lozler



“3a

DISTRIBUTION LIST
THIRD QUARTERLY REPORT
CONTRACT NO. DA36-039-SC-~89082

American Cyanamid Company

Research Service Department

Bound Brook, New Jersey

ATTN: Dr. C. Maresh (1)

Electrochimica Corporation

1140 O'Brien Dirve

Menlo Park, California

ATTN: Dr. M. Eisenberg (1)

P. R. Mallory & Co., Inc.

T anical Service Labs.
Insianapclis 6, Indiana

ATTN: H. S. Doty (1)




